DESCRIPTION 

3EMIC0HDUCT0R WAFER INSPECTION DEVICE AND METHOD 

The present invention relates to technology for 
inspecting the surface quality of a semiconductor v^afer/ 
suitable^ In particular^ to the detection of surface 
defects of an epitaxia^l viatex:^ 

In general, semiconductor wafer defects (structural or 
chemical abnormalities that impair the ideal crystal 
structure of the surface layer of the semiconductor wafer) 
are classified, in terms of the effect that they have on a 
semi conductor device that is formed on the wafer into 
slight defects^ which are allowable, and fatal defects ♦ 
Fatal defects are called "killer defects" and result in a 
lowering of the yield of semiconductor devices* In 
particular in the case of epitaxial wafers, the main 
defects are stacking faults (SF) of the epitaxicvl lc>>yer; 
usually^ these appear as protuberance^s or concavities of 
the surface of the sexni conductor wafer. Most killer 
defects are part of such an SF, Killer defects are caused 
for exanipie by the height being such as to generate a 
defocusing fault in the process of manufacturing a device^ 
or by a defect termed a large area defect (LAD) ^ having a. 
wide area/ that affects several devices- For convenience , 
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defects includi'ng surface defects of erpitaxial wafers will 
herein be referred to as ELDs (EF layer defects) . 
Techniques for detecting "killer defects-' on the surface of 
semiconductor wafers are extremeiy important in 
seiT5iconductor manuf actiare - 

abnorinal ity inspection devi ce employing an optical 
scattering Ai^ethod is widely eiriployed for surface inspection 
of semiconductor wafers* Using such an abnormality 
inspection device i the surface of a aemiconductor v^'afer is 
scanned with a laser beam of minute size and scattered 
light from laser light scatterers (defects or particles) on 
the surface of the semiconductor wafer is detected; the 
size (value corresponding to the size of standard particles 
(PLS: polystyrene latex.)} of laser light scatterers present 
on the wafer surface is measured from the intensity of this 
scattered light- Whereas it is impossible to permanently 
remove defects from, semiconductor wafers , particles can be 
removed by subsequeirt processixig and are not therefore 
fatal as regards the seiuicondactor device* Consequently/ 
in surface inspection using an optical scattering method^^ 
it is important, to be able to distinguish Vv?heth.er the 
individual laser light scatterers that are detected are 
defects or particles. 

Laid-open Japanese Patent Application No. .2001-176943 
discloses a method for detecting stacking faults of 
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epitaxial wafers using an optical scattering raethod* In 
this method.^ using an abnormality detection device 
employing an optical scattering method {for exaraple a 
Surf scan 6200 (Trade Mark) manuf actxired by KLA-^Tencor Ltd) r 
the size of laser light scatterers present on the surface 
of an epitaxial wafer is measured and these laser light 
Bcatterers are classified into bodies whose si^e is no more 
than 1*6 pm and bodies that exceed this value: laser light 
scatterers exceeding 1,6 pm are identified as being 
stacking faults^ vrfiile laser light scatterers of no more 
than 1*6 are identified as pits other than stacking 
faults . 

DISCLOSURE OF THE Ij>3VENTI0N 
The invention disclosed, in Laid-open Japanese Patent 
Application No. 2001--176943 is subject to the following 
problems. 

First of all, defects exist at the wafer surface in a 
large variety of forms: this makes it difficult to classify 
such defects in terxus of the intensity of the scattered 
light from a single laser becim with a high degree of 
certainty. It is even difficult to distinguish between 
defects and particles- The most that can be achieved with 
this method is to classify defects into two types, with a 
threshold value of 1.6 \im. Also,, performance of selecti^^e 
etching as pretreatment greatly lo-wers the throughput of 



defect inspection/ so this method is unsuitable for mass- 
production and the surface quality of the wafers is 
impaired by selective etching, to the extent that it may no 
longer be possible for such wafers to be shipped as 
products * Further^ Laid-open Japanese Patent Appii.cati.on 
No. 2001'-'176943 does not discuss classifying laser light 
Bcatterers at the wafer surface into killer defects and 
defects which are not killer defects* 

An object of the present invention is therefore to 
improve the accuracy of surface inspection of semiconductor 
wafers and in particular epitaxial wafers using an optical 
scattering method* 

'A further object is to improve the accuracy of 
identification of defects and particles in surface 
inspection of semiconductor wafers and in particular 
epitaxial wafers using an optical scattering luethod. 

Yet another object is to iKiprove the accuracy of 
identification of killer defects and defects which <xre not 
killer defects in surface ini^spection of seiniconductor 
wafers and in particular epitaxial wafers using an optical 
scattering method, 

AisOr yet another object is to provide an inspection 
device or xtiethod. of inspection that is more suited to mass 
production- 
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A semiconductor vrafer inspection device accoxxiing to 
one aspect of the present invention comprises: an optical 
illumination device that directs a light spot onto an 
inspection point on a surface of the semiconductor wafer; a 
first optical sensor that/ of scattered light from sa.id 
i n s p e c t i on po i n t ^ r e c e 1 v e s n a r row 1 y s c a 1 1 e re d 1 ,1 gh t 
scattered v^^lth a scattering angle that is narrower than a. 
prescribed angle and detects intensity of said narrowly 
scattered light; a second optical 3ensor that/ of scattered 
light from said inspection point, receives widely scattered 
light scattered with a scattering angle that is wider than 
a prescribed angle and detects intensity ox said widely 
scattered light; and a signal processing circuit that 
identifies the type of laser light scatterer (LLS) present 
at said inspection point* Said signal processing circuit 
comprises: first calculation means that^ if the intensity 
of said narrowly scattered light is within a prescribed 
siting range, calculates a first FLS'-based si^e from the 
intensity of said narrowly scattered light; se.aond 
calculation m.ean.s that, if the intensity of said, widely 
scattered light is within said sizing range, calculates a. 
second PLS-based size from the intensity of said widely 
scattered, light; and identification means that, if the 
intensities of said narrov.^ly scattered light and said 
widely scattered, light are both within said sizing range/ 
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identifies the type of said las^vr light scatterer ixi 
accordance with both the first PLS-based size and said, 
second PLS'-based size. 

In a suitable embodiment, said identification means 
identifies a laser light scatterer preaent at said 
inspection point as being a particle^ in a prescribed 
particle zone in which said first PLS-^based si^e in said 
sizing range is either substantially equal to said second 
PLS -based si^:e or is larger than aaid second PLS-foased 
size, by a degree not more than a prescribed degree* 

In a suitable embodiment , said identification means 
identifies a laser light, scatterer present at said 
inspection point as being a defects in a prescribed defect 
zone in which said first PLS^based size in said sizing 
range is larger than said second PLS--based size/ by a 
degree not less than said prescribed degree. In this case^ 
said identification means identifies whether said defect is 
ass"um.ed to be a killer defect or not/ in accordance with 
whether the first PLS-based size is larger or sxualier than 
a prescribed size^ in said defect zone* 

In a suitable exiibodiment , said identif icatiox^ means 
identifies a laser light scatterer present at said 
inspection point as being a defect that is assumed to be a 
killer defect if the intensity of said narrowvly scattered 



6 



light or said widely scattered light esxceeds said Bi2:ing 
range * 

A method of inspection of semiconductor v/afers 
according to another aspect of the present invention 
coirsprises: a step of directing a light spot onto an 
inspection point on the surface of the sexuiconductor wafer; 
a step of detecting the intensity/ of the scattered light 
from said in8pectiox:i point, of x^arrowly scattered light 
scattered, with a scattering angle that is narrov%?er than a 
prescribed angle; a step of detecting the intensity, of the 
scattered light from said inspection point/ of widely 
scattered light scattered with a scattering angle that is 
wider than the prescribed angle; a step of, if the 
intensity of said narrowly scattered light is within a 
prescribed sizing range^ calculating a first PLS-^-based size 
from the intensity of said narro^^^ly scattered light; a step 
of, if the intensity of said widely scattered light is 
within said si2:ing range^ calculating a second PLS ---based 
size froia the intensity of said vv?ideiy scattered light; and 
a step of, if the intensities of said narrowly scattered 
light and said widely scatter"ed light are both within said 
sizing range, identifying the type of laser light scatterer 
present at said inspection point in accordance with the 
Tuagnitude relationship of said first PLS'-based size and 
said second PLS'-'based size* 
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Accordixig to the present in^'^ention/ the accux'racy of 
surface inspection, of semiconductor wafers using an optical 
scattering method can be improved* 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure l.A is a crosS"-*3ectional view showing the 
const ruct ion of a seini conductor wafer inspection device 
according to an eTrifoodiment of the present invention; Figure 
IB is a plan view showixig how scanning ox a semiconductor 
wafer surface is conducted uaing a light spot; 

Figure 2 is a waveform diagram showing a plurality of 
types of light intensity signal i2.2j. 124 output f.ro.m 
optical sensors 114^ 120; 

F.lgure 3 is a view showing the most basic principles 
that are fundamental to the analysis processing for 
identifying types of surface abnormality/ performed by the 
second signai processing device 12 6B; 

Figure 4 is a view given in explanation of the logic 
for identifying types of LLS thcit is employed in the 
analysis processing performed by the second signal 
processing device 12 6B; 

Figure 5 is a viev/ given in explanation of the 
theoretical significance of the second EKD zone 420; and 

Figure 6 is a view showing the flow of analysis 
processing carried out by the signal processing devices 
12 6.A and 12 6B, 
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Figure lA is a cross-sectional side view showing the 
construction of a semiconductor wafer inspection device 
according to an eTrfcodiment of the present invention* 
Figure IB^ shown in the dotted line balloon block, is a 
plan view shov^ing how scanning is perforTried of the 
seiai conductor wafer surface using a light spot. 

As shown in. Figure lA^ this ii^spection device 100 is 
capable of selectively directing two laser beams 102;r 104 
onto a point (inspection point) on the surface of a 
semiconductor wafer 200* One of the laser beams 1.02 is 
directed perpendicularly onto the surface of the 
semiconductor wafer 200 while the other laser beam 102 is 
directed onto the surface of the semiconductor wafer 200 at 
an inclined angle* In this embodiment^ only the 
perpendicularly directed laser beam. 102 is eKiployed and the 
laser beam 104 that is directed in inclined fashlox^ is not 
e^iployed. The inspection point: on the i^^urface of the 
seiuiconductor wafer 200 is illixrrd.nated by a minute laser 
spot ,103 that is formed by the perpendicularly directed 
laser beam 102. As shown in Figure IB^r this laser spot 103 
has an elongate elliptical shapes the major diameter and 
minor diameter thereof face directions that are 
respectively parallel with the radius and circum.f erential 
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line of the aexaicxmductor wafer 200, The si2:e of the laser 
spot 103 is for example about 30 to 350 iim in the case of 
the major diameter dimension L and about 20 pm in the case 
of the itiinor diameter dimension In the inspection 
device 100^ the semiconductor wafer 200 is rotated about 
the central point as shovvTi by the arro^v' 200A of Figure IB 
a:ndf simultaneously/ the laser spot 103 is xuoved along the 
radius of the semiconductor wafer 200 as shown by the arrow 
103A/ in this way, the entire region of the surface of the 
semiconductor wafer 200 is scanned in spiral fashion by the 
laser spot 103 ♦ The interval between the spiral scanning 
lines (interval of the Nth. scanning line and N^l th 
scanning line in the radial direction) is about 20 to 180 

i.e* about half of the major diameter dimonsion L of the 
laser spot 103. Consequently, the positional resolution, of 
the inspection result obtained by this scanning is about 20 
to 180 pm* 

At the inspection poixit {location v</hex:e the light spot 
103 is incidexvt) on the ^emicond actor wafer 200, the 
perpendicularly incident laser beam 102 is reflected in ci 
direction depending on the surface ccx:idition at this 
inspection point* For example, if no defect or particle is 
present at the inspection pointer the surface shape at the 
inspection point is completely flat, so the perpendicularly 
incident laser beam 102 is reflected perpendicularly. On 
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the other hand, if a defect or particle is present at the 
inspection pointy since a protuberance or concavity is 
present in the surface shape , the reflected light from the 
X.^erpendicularly incident laser beam 102 form,s scattered 
light 108 f 116 in various directions* The perpendicularly 
reflected beam from the inspection point is absorbed by the 
mask 106 and is not employed in inspection. On the other 
hand^ part of the scattered reflected light from the 
inspection point is detected toy the optical sensor 114, 
depending on the scattering angle (reflected angle) 
thereof/ while another part thereof is detected by another 
optical sensor 120. Specifically^ the reflected light 108 
that is scattered in a narrow angle range of scattered 
angle no more than a prescribed value (hereinbelow referred 
to as "narrowly scattered light'*) passes through a convex 
lens 110 and reflecting mirror 112. and is detected by a 
first optical sensor 114, Also, the reflected light 116 
that is scattered in a wide-^-angle range of scattered aiigle 
larger than the prescribed angle (hereinbelow referred te- 
as "v^d.dely scattered light") passes through a solid conceive 
reflecting mirror 118 and is detected by a second sensor 
120* The first optical sensor 114 generates an electrical 
signal 122 (for example a voltage signal) (hereinbelow 
referred to as the "narrov.^ly scattered light intensity 
signal^n having a level responsive to the intensity of the 
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naxToiAfly scattered light 108 and this is output to the 
first signal processing device 126A. The seaond optical 
sensor 120 generates an electrical signal (for example, a 
voltage signal) ( here inbe low referred to as "widely 
scattered light intensity signal") 124 having a level 
responsive to the intensity of the v^fidely scattered light 
116 and this is output to the first signal processing 
device 12 6A, For exaiupie photomiil tiplier tubes may be 
exaployed tor the optical aenaors 114^ 120. 

A first and second mutually connected signal processing 
device 12 6A and 126B are provided* The combination of 
first and second signal processing devices 12 6A and 12 68, 
by perforining analysis by a method described in detail 
below, of the input narrowly scattered light intensity 
signal 122 and widely scattered light intensity signal 124^ 
detects laser light scatterers (hereinbelow referred to as 
LLS) (these typically correspond to "surface abnorinalities" 
such as for exairtple protuberances or concavities of the 
wafer surface, in other wordi?, defects or particles) on the 
surface of the sexni conductor wafer 200, identifies the 
detected LLS as a paxticle^ a severe defect having a high 
probability of being a killer defect, or a slight defect 
having a low probability of being a killer defect, and 
outputs the results of this identification. The first 
signal processing device 126A., using in particular the 
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naxToiAfly scattered light ixiten^^sity signal 122 and widely 
scattered light intensity signal 124^ detects laser light 
scatterers (hereinbeiov/ referred to as LLS) on the surface 
of the semiconductor wafer 200 ^ and calculates the size and 
positional co^ordinatea thereof* The second signal 
processing device 126B receives data 125 indicating the 
size and positional co-^ordinates of the LLS froiu in 
particular the first signal processing device 126A and 
identifies whether thi3 LLS ia a particle/ severe defect or 
slight defect;, and^ in accordance with the results of this 
identification^ determines the detection result/ i*e. 
whether the semiconductor wafer 200 is a good p>roduct or 
not, and outputs this determination result and inspection 
result ♦ Of the output data from the seconci signal 
processing device 126B, data 12? indicating at lec^st the 
above inspection result is input to the first signal 
processing device 126A. The first signal processing device 
126A outputs a sorting instruction signal 128 correspoiiding 
to this i'nspection result to a wafer manipulator 129, The 
wafer xuanipalator 129 sorts the semicond.uctor wafers 200 
whose inspection has been completed into good products and 
defective products in accordance v^ith the sorting 
instruction signal 128, The first and second signal 
processing devices 126A and 126E^ can respecti^'^ely be 
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implemented by for example a prograntmesd coxaputerv dedicated 
hardware circuit or a combination of these. 

For the portion of this inspection device 100 excluding 
the second signal processing device 126B, for example an 
SPl (Trade Mark) manufactured foy KLA--Tencor Ltd may be 
used. This inspection device 100 can therefore be realized, 
by adding the signal analysis function of the second signed 1 
processing device 126B to this SPl • 

Figure 2 is a vjaveform diagram ahov^ing different types 
of scattered light intensity signals 122, 124 that may be 
analyzed by the signal processing devices 12 6A and 12 6B. 
The type shown in Figure 2 may be applied to both the 
widely scattered light intensity signal 122 and narrowly 
scattered light intensity signal 124. 

As shown in Figure 2, the scattered light intensity 
signals 122^ 124 that may be analyzed by the signal 
processing device 12.6 may be broadly classified into five 
typeS/ naxuelV/ 130, 136/ 138^ 140 and 14v?^ dependi-ag on the 
signal level (for exan^le voltage level). The first type 
130 is a type in. which the peak value of the signal level 
is Vv^ithin the range of at least a prescribed lower limitixag 
level Min but less than a prescribed maxi.m.um level Max* 
This prescribed lower limiting level Min is the minimum 
signal level at which it can foe recognized that an LLS has 
been detected. ( i.e. level at which it cannot be recognized 
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that an LLS exists unless the ^signal level is at least this 
value) * The maximum level Max is the signal level 
corresponding to the maximum size in respect of v>;hich LLS 
sizirig (calculation of the PLS (polystyrene latex sphere) 
size based on the signal level) can be performed* The 
higher the peak values of the respective levels of the 
scattered light intensity signals 122/ 124 ^ the larger is 
the size that is thus calculated. However^ the calculated 
result is the size of a PLS (hereinbelow referred to as 
" PLS - ba s e d s i z e " ) t h a. t r e f 1 e c t s s c a 1 1 e r ed 1 i gh t o f t he s a.m.e 
intensity as the LLS and. is not the size of the LLS itself* 
Kereinfoelow, this first type 130 will foe called "si^^ed LLS 
type". 

The second type 136 is the case where the signal level 
reaches the saturation level Max* Essentially/ the second 
type 136 is the case in v/hich the intensity of the 
reflected amounts of light 108, 116 exceeds the maxiKiuin 
value in respect of which sizing caxi be perfomied* 
Hereinbelow^ the second type 136 will be referred to as the 
^^saturated area type^** Also> one or other of the following 
third to fifth types 138, 140, 142 is identified when a 
condition of a large nuinber of successive signals^ or a. 
high, density of signals, of the saturated area type 136 or 
of the sized LLS type 130 described above is detected. 
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The third type 138 represents the case where signals of 
the sized LLS type 130 or saturated area type 136 described 
above are successively detected over at least a prescribed 
number of tracks (for exainpie eight tracks) in the radial 
direction of the semiconductor wafer 200, The successively 
detected signals xnay be exclusively of the si:<r.ed LLS type 
130 or exclusively of the aaturated area type 136, or may 
include a mixture of both types 130 and 136. Successive 
signals belonging to the third type 138 are referred to 
hereinbslow as a vrfiole as being of the "track area type". 

The fourth type 140 represents the case where signals 
of the sized LLS type 130 or saturated area type 136 
continuing over at least a prescribed distance {for example 
ISO um^ corresponding to eight successive laser spots 130) 
in the circumferential direction of the setai conductor wafer 
200 (i*e. along the line of spiral scanning) are detected* 
The successively detected signals may be exclusively of the 
si2;ed LLS type 130 or exclusively of the saturated area 
type 13 6^ or xaay include a xuixture of both types 130 and 
136 • Successive signals belonging to the fourth type 140 
are referred to hereinbelovv' as a whole as beixag of the 
"angle area type" . 

The fifth type 142 does not correspond with either the 
tracking area t.vpe 13B or angle area type 140 described 
above/ but represents the case where a plurality of signals 
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of the sized LL3 type 130 or saturated area type 136 
described above are detected at adjacent positions whose 
mutual separatioii is v^ithin a prescribed distance- The 
piuraiity of signals belonging to the fifth type 142 are 
referred to hereiiitaalow as a whole as being of the "cluster 
area type" . 

In addition, the trackixva^ area type lv38, angle area 
type 140 and cluster area type 142 described above are 
referred to hereinbelow aimx^ly by the general term "area 
type" 144, 

Referring once more tO' Figure 1^ whilst scanning of the 
semiconductor wafer 200 is being performed by the laser 
spot 103 the first signal processing device 126A monitors 
the signal levels of the respective scattered light 
intensity signals 122, 124 and detects the scattered light 
intensity signals associated with the sized LLS type 130 
and saturated area type 13€, and stores the detected signal 
levels, type and position co-^-ordinates . In addition^ the 
first signal processing device 126A, 'asing the positional 
co--ordinates of the plurality of signals of the detected 
sized LLS type 130 and saturated area type 136^ detects the 
scattered light intensity signals belonging to the area 
type 1.44 (tracking area type 138^ angle area type 140 and 
cluster area type 142) , and calctilates the size of the 
region where such a. signal is detected. 
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The second sigxial processing device 126B receives froiti 
the first signal processing device 126A data 125 indicating 
the detection resuit of the signals of the widely scattered 
light intensity signal 122 and narrowly scattered light 
intensity signal 124 of the sized LLS type 130^ the 
saturated area type 136 and the area type 144 respectively 
described above and^ by analyzing both of these detection 
results by the raethod to be described^, determines the type 
of LLS (particle or severe defect or slight defect) . 

A detailed description of the analysis processing for 
identifying the type of LLS that is perforiaed by the second 
signal processing device 126B is given, below* 

Figure 3 is a view showing the most fundamental 
principles constituting the basis of this signal 
processing. 

Figure 3A shows the inferred Intensity distribution of 
the reflected scattered light 108, 116 when a PLS 300 is 
located on the surface of a semiconductor wafer 200, 
Figure 3B shows the inferred intensity distribution of the 
reflected, scattered light 108,^ 116 when a particle 302 is 
located on the surface of a semiconductor Vv?afer 200. 
Figure 3C shows the inferred intensity distribution of the 
reflected, scattered light IQS, 116 when a flat protuberance 
304 or sha.llovj concavity 306 (of lo\^; height or shallow 
depth coirspared with the dimensions of the plane) exists on 
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the surface of the sexivi conductor wafer 200 • Figure 3D 
shows the inferred intensity distribution of the reflected, 
scattered light 108, 116 when a tower-shaped protuberance 
308 (of large height compared with the dimensions of the 
plane) exists on the siarface of the semiconductor v^afer 

200:, 

As shown in Figure 3A^ the PLS 300 is close to a 
perfectly spherical shape. The inspection device 100 is 
then califcrated so aa to ahow the precise value of the 
diameter of an actual PLS 300;. whether the size is 
calculated from the narrowly scattered light from the PLS 
300 or from the widely scattered light froin the PLS 300. 
As shown in Figure 3B^ most particles 302 may be considered 
as having a three-dimensional shape whose planar dimensions 
and height are roughly balanced^ so there is not much 
difference between the PLS-^lDased size of a pctrticle 302 
calculated from the narrowly scattered light 108 and the 
PLS--based size calculated from the widely scattered light 
116; or^ if the particle 302 is stabilized ii^ a flattish 
attitude, the PLS--^based size calculated from, the narrowly 
scattered light 108 may be inferi"ed to be somevy^hat larger 
than that calculated from the widely scattered light 116* 
Also, as shown in Figure 3C;r in the case of a flat 
protuberance 304 or concavity 306,. faces that are close to 
horizontal will clearly foe wider than faces that are close 
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to vertical, so the PLS-ba^sed size calciiiated froxa narrowly 
scattered light 108 will be inferred to foe clearly larger 
than that calculated from widely scattered light 116* 
Contrariwise/ as shown in Figure 3D, in the case of a 
tower-'Shaped protuberance 308,^^ since the faces that are 
close to vertical will be clearly wider than faces that are 
close to horizontal/ the PLS--based size calcalated froiti the 
widely scattered light 116 will be inferred to be clearly 
larger than that calculated from the narrov<?ly scattered 
light 108 • 

Taking as an example the case of an epitaxial wafer 
(semiconductor having a thin epitaxial layer grown on the 
surface of the semiconductor based substrate)/ the 
relationship of defects thereof with the principles of 
Figure 3 will be described with reference in particular to 
killer defects* 

Most epitaxial wafer defects are stacking faults {SF) 
of the epitaxial layer. There are various different types 
of SF of the ep^itaxial layer, but., in most typ^es, a flat 
protuberance 304 or concavity 306 as shov^?n in Figure 3C is 
formed in the surface of the epitaxial layer* B*ot all 
these SF are necessarily killer defects, but/ if the size 
of a protuberance 304 or concavity 306 is more than a 
certain amount , there is a nigh likelihood that it will 
constitute a killer defect* For example, if a. protuberance 
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304 or concavity 306 having a pyraxuidal or mesri-iike 
geometrical three-dimensional shape with a planar dimension 
of the order of a fev^^ ]xm to a fevv^ tens of pra and a height 
of the order of a few tens of nm to a few hundreds of nm, 
or a complex three-dimensional shape comprising an 
irregular 'mixture of such shapes ^ is present in the surface 
of the epitaxial layer ^ this la deemed to be a killer 
defect* Also, if a large number of LLS protuberances or 
concavities are aucces3iveiy aggregated over a wide region 
exceeding for example a total length of 100 in the 
surface of the epitaxial layer, this is termed a large area 
defect (LAD), which is also typically a killer defect. 

Consequently / if the intensity of the narrowly 
scattered light 108 is markedly greater than the intensity 
of the widely scattered light 116, as shown in Figure 3Cr 
at a given detection point on the surface of the epitaxial 
wafer, a defect is inferred to be present at this detection 
point. Also, it may be assuxned that the Icrrger the size of 
such a defect, the greater will be the likelihood of such a 
defect being a killer defect* Also, if, as shown in Figure 
3B, the intensity of the widely scattered light 116 ax:id the 
intensity of the narrowly scattered light 108 at a given 
detection point are of the same order, or the former is 
slightly greater than the latter, existence of a particle 
at the detection point is inferred* Also^ when a scattered. 
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light intensity signal of an area type 144 as shown in 
Figure 2 is obtained in a given region on the surface of an 
epitaxial wafer, it is considered as a strong possibiiity 
that a defect of correspondingly large si2;e or a LAD is 
present thereon * 

In the analysis processing performed by the second 
signal processing device 12 SB/ detect ion/ identification 
logic is employed based on the above principles in order to 
identify the various types of LLS* 

Fig-are 4 shoves an example of this 
de t ec t i on / i den t i f i ca t i on logic* 

The detection/ identif ication logic shown in Figure 4 
was obtained by the present inventors on the basis of the 
principles described above with reference to Figure 3 and 
also as a result of repeated studies of inspections of 
particles or defects of various types on actual epitaxial 
wafers using an SPl manufactured by KLA-Tencor Ltd., 

Figure 4A. shows the detection/identification logic 
applied when scattered light intensity signals 122/ 124 of 
si^ed LLS type 130 and saturated area type 136 as shown in 
Figure 2 were obtained. In Figure 4Ar the horizontal axisS 
shows the PLS-based size (diameter) DWN caicuiated using a 
widely scattered, light intensity signal 124 of the sized 
LLS type 130; the right-ha.nd e.nd thereof corresponds to the 
case v^here a v^id.ely scattered light intensity signal 124 of 
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saturated area type 136 ¥?ciB obtained. In Figure 4A^ the 
vertical axis shows the PLS-based size (diameter) DN:^ 
calculated using the narrowly scattered light intensity 
signal 124 of the sized LLS type 130; the upper end thereof 
corresponds to the case -where a narrowly scattered light 
intensity signal 122 of the saturated area type 136 was 
obtained* Also^ Figure 4B shows the 

detection/identif icatioxi logic applied in the case where 
scattered light intensity signals 122, 124 of area type 144 
shown in Figure 2 were obtained* In Figure 4B, the 
horizontal axis shows the size of the region where a widely 
scattered light intensity signal 124 of the area type 144 
vras detected and the horizontal axis shows the size of the 
region where a widely scattered light intensity signal 122 
of area type 144 was detected. 

In a range in which the scattered light intensity 
signals 124 and 122 shown in Figure 4A are both of the 
si2;ed LLD type 130 (for example range in wiiich 0,0 < DNN < 
about 0*6 ixixif and 0*0 < DWN < about 0*6 [.i.m^ hereix^belo-w 
referred to as the "sizing rcinge"), if a signal c^nalysis 
result belonging to the zone 410 is obtaix^ed from a givexi 
detection point, it is also concluded that a particle is 
present at that detection point* This zons is termed the 
" pa r t i c 1 e z one " * 
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The particle zone 410 is a 2:one sandwiched betv\f€^en a 
first discrimination line 400 and a second discrimination 
line 402 in the siziiig range and satisfies the conditions 
that the PLS^based size DWN obtained, from vjidely scattered 
light 116 is less than a'fooiat 0,6 "pm and that the narrowly 
scattered light intensity signal 122 has not reached 
saturat ion , The first discrLmixia t ion line 4 00 corresp>onds 
to the case where the PLS-based size DWH obtained from, the 
widely scattered light 116 and the PLS-toased size DNH 
obtained froiti the narrowly scattered light 108 are 
substantially of the same order (the PLS-based size DWN 
obtained from the widely scattered light 116 is slightly 
smaller than the PLS'-based size 1M!h obtained from the 
na.rrowly scattered light 108) ♦ Hereinbelow, this first 
discrimination line 400 will be termed the "particle lower 
limit line"* The particle lower limit line 400 may be 
expressed by for example a first order function 

DNH-K-DWN 

where K is a coefficient between 1 mid 0*5/ having for 
exaniple a value of about 0,8 to 0*9. 

The second discrimination line 4 02 corresponds to the 
case whe.re the PLS-based size DNN obtained from the 
narrowly scattered light 108 is to a certain extent larger 
than the PLS-based size TMN obtained from the iv^idely 
scattered, light 116., Hereinbelow^ this seoorid 
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discrixuixiation line 402 will foe termed the "defect 
separation iine*^ * The defect separation line 402 may be 
expressed for example by the function 
log (DNN)-(1/S} log (DWN)4-T/S, and 

DNN > DWN 

Where S and T are positive coefficients of less than 1/ 
having for example values of afooat 0.4 to 0.6, 

The particle zone 410 essexit tally corresponds to the 
case where the PLS-toased size DNN caicuiated froxa the 
narrovsTly scattered light 108 is of the same order as or is 
larger than the PLS-based size Dv^N calculated from the 
widely scattered light 116^ within a prescribed range, 
under the condition that both of the narrowly scattered 
light intensity signal 122. and widely scattered light 
intensity signal 124 are of the sized LLS type* In this 
case, the evaluation result is obtained that a particle is 
present. This evaluation result conforms to the principles 
described, with reference to^ Figure 3.B.* 

In the sizing rax^ge shown in Figure 4A/ it is concruded 
that a slight defect^ that is inferred not to be (or 
unlikely to be) a killer defect/ is presex^t at the 
detection point where an analysis result belonging to the 
zone 414 was obtained (such a defect is hereinbelow termed 
a "small defect") < Also/ at a detection point v/ne..re an 
analysis result belonging to the Eone 418 was obtained^ it 
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is concluded that a severe structural defect. {hereixibeloV'/ 
termed "EKD (estiraated killer defect)'*) inferred to foe (or 
likely to be) a killer defect is present* The zone 414 is 
teriaed the "first small defect zone" and the zone 418 is 
terined the "firat EKD zone^V. 

The first small defect zone 414 and first EF:d zone 418 
are zones Vk^herein the PLS--*based size DWN obtained using the 
widely scattered light intensity signal 1.2^ is smaller than 
the defect separation line 4 02, AlsOf the first small 
defect zone 414 and first EKD zone 418 are distinguished by 
the third discrimination line 4 03. The third 
discrimination line 4 03 will hereinbelow be called the "EKD 
separation line". The EKD separation line 403 is a line at 
which for exaxnpie the PLS^based size DNN obtained using the 
narrowly scattered light intensity signal 122 corresponds 
to 0.6 ym* In the first small defect zone 414^ the FJ^S- 
based sizs DNN obtained using the narrowly scattered light 
intensity signal 122 is less than 0,6 p.m and/ in the first 
EKD zone 418^ this signal is mo 're than 0,6 pia* In simple 
terms, this is a case in. which the PLS-based. size DNN 
obtaixied froxa the nax^rowly scattered light 108 is greater 
by at least a prescribed amount than the PLS--based size DWM 
obtained using the widely scattered light 116, in the small 
defect zone 414 and also the first EKD zone 418. AlsO/ if 
the PLS--based size DNN detected lasing the narrowly 
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scattered light 108 is I^bsb than 0.6 \xii\, it is concluded 
that a small defect is present; if the PLS-based size DJMIv? 
is more than 0.6 )jm, it is concluded that an EKD is 
present* This evaluation result is in accordance with the 
principles described with reference to Figure 3C* 

Ptlso^ in the sizing range indicated in Figure 4A, the 
probability that a zone 430 v^ill actually be detected is 
fairly low; it appears that this corresponds to a tower- 
shaped detect as shown in Figure 3D or to a defect present 
in the vicinity of an edge. This zone 430 is evaluated as 
corresponding to a small defect as described above* Such a 
7.one 430 is hereinbelow referred to as a "second small 
defect zone". The second small defect zone ^130 is a zone 
in respect of which the PLS-based size DNN obtained using 
the narrowly scattered light intensity signal 122 is on the 
small side compared with the particle lower limit line 400* 

Furthermore, Figure 4A shows special zones 412, 416 r 
417, 420, 421, 423, 424;. 425 and 426 at the outer edge ox 
the first small defect 412^ first EKD zon^. 418, particle 
zone 402 and second small defect zone 430 described above* 
The significance of these special zones 412 ^ 416, 417, 420, 
421, 423, 424, 425 and 426 is essentially that these 
indicate cases where at least one level of the scattered 
light intensity signals 122^ 124 is less than the lower 
liiuiting level Min shown in Figure 2 {i.e. no LLS 
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detected) ^ or that the LLS ivS of the saturated area, type 
136, The special zone 412 adjacent to the first small 
defect zone is evaluated as corresponding to a small 
defects The two special zones 416 and 417 adjacent to the 
first EKD zone 418 are both evaluated as EKD, The three 
special zones 420^ 421 and 423 adjacent to the particle 
zone 410 are evaluated as EKD, The two special zone levels 
424 and 425 corresponding to the saturated area type 136 
adjacent to the second small defect zone 4 30 are also 
evaluated as EKD, The special zone 426 corresponding to 
DNN=-0*0 ym adjacent to the second defect zone 430 is 
evaluated as a small defect* 

However^ in the case of the special zone 420 adjacent 
to the particle zone 410, the narrowly scattered light 
intensity signal 122 is of the saturated ctrea type/ whereas 
the widely scattered light intensity signal 124 is of the 
sized LLS type^ this is a case in which the PLS-based size 
DWN that is thereby obtained is at least 0*3 \inx. As shown 
theoretically in Figure 5, this special zone 420 appears to 
be a projection region of the particle expansion region 431 
on the extension of the particle zone 410 and is also a 
projection region of the EKD expansion region 432 on the 
extension of the first EKD zone 418* Consequently, a 
particle or EKD may also theoretically be present in the 
special zone 420. However^ in practice^ this problem can 
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be avoided by choice of a i=5uitable valae of the saturation 
size of the DNN. According to the studies made by the 
present inventors, by setting the DNM saturation varu>3 to 
about 0*8 um, it was found that substantially all of the 
laser light scatterers on the special zona ^20 were EKDs . 
It is therefore concluded that, an EKD is present in this 
special ^^:one 4 20. 

The zone 422 shown in Figure 4B represents the case 
where both the narrowly scattered optical signal 122 and. 
scattered light intensity signal 124 are of the saturated 
area type 136 or area type 144 shown in Figure 2. The 
luinixaum values of the vertical axis and horizontal axis of 
this zone 422 are values that are larger than the maximum 
values of the PLS^based size DNN and DWN that may be 
calculated using sized LLS type 130 signals* It may be 
concluded that an EKD as described above is present at the 
detection point where an analysis result belonging to this 
zone 422 was obtained. This zone 422 is called the "second 
EKD zone**. 

Figure 6 shows the flow of analysis processing 
perforiTj.ed using the signal px'ocessing devices 12 6A and. 12 6B 
in surface inspection of a semicO'nductor wafer. 

As described with reference to Figure 1^ the steps 500, 
502 f 504 and 506 shown in Figure 6 are continuously 
execiJJted during scanning of the surface of a semiconductor 
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vrafer 200 with a light spot 103* In the st€^ps 500 and 502^ 
the narrowly scattered light intensity signal 122 and 
widely scattered light intensity signal 124 from the 
current detection point are input simultaneously to the 
first signal processing device 126A* In steps 504 and 506^ 
if the respective signal levels of the narrov^ly scattered 
light intensity signal 122 and widely scattered light 
intensity signal 124 exceed the lower limiting level Min 
3hovjn in Figure 2, these aignai levels and the x.>o3itlonal 
co-ordinates of the point of detection are stored in a 
storage device (not shown) within the first signal 
processing device 126A. 

The routine subsequent to steps 508 and 510 may foe 
performed whilst the above scanning is being performed.^ or 
inay be performed after the above scanning has been 
terminated* 

In step 508, a check is made to ascertain whether the 
signal level of the narrowly sccittered light intensity 
i?3ignal 122 detected at this position has reached the 
saturated, level Max^ or is less than this (i*e* is 
unsaturated) , at each of the positional co-ordinates of the 
detection points stored in the storage device in the first 
signal processing device 12 6A* In step 510, a check is 
Tt^vade to ascertain vvrhether the signal level of the widely 
scattered light intensity signal 124 detected at this 
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position has reached the saturation i€5vei Max, or is less 
than this (i.e. is unsaturated) , at each of the positional 
co-'Ordinates of the detection points stored in the storage 
device in the signal pirocessing device 126* 

In step 512, if the result of the check of step 508 is 
''unsaturated" (i.e. that the narrowly scattered light 
Intensity signal 122 is of the sized LLS type 130), the 
PLS-based size DNN is calculated based on the signal level 
of this narrowly scattered light intensity signal 122, and 
the PLS-based size DNN is stored in the storage device in 
association with the positional co-ordinates of the 
corresponding detection point* In step 514, if the result 
of the check, of step 510 is "unsaturated" (i,e* that the 
widely scattered light intensity signal 124 is of the sized 
LLS type 130) ^ the PL3--based size DWN is calculated based 
on the signal level of this widely scattered light 
intensity signal 124, and the PLS-based size DWN is stored 
in the storage device in associatioxi with the positional 
co-ordinates of the corresponding detection point* 

In step 516, a check is made to ascertain whether a 
narrowly scattered light intensity signal 122 is present 
corresponding to the saturated area type 136 and. area type 
144 and the result of this check is stored in the storage 
device in association with, the positional co-ordinates of 
the corresponding point of detection- In step 518, a check 
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is raade to ascertain vfhether a widely scattered light 
intensity signal 124 is present corresponding to the 
saturated area type 136 and area type 144 and the result of 
this check is stored in the storage device in association 
with the positional co-ordinates of the corresponding point 
o f de t e c "1. 1 on , 

In step 520, if the result of the check perforiued in 
step 516 indicates area type 144 ^ the size of the regiox^ 
where a narrowly scattered light intensity signal 122 of 
this area type 144 was detected is calculated using the 
positional co-ordinates of the plurality of corresponding 
detection points and the si^se of this region is stored in 
the storage device in association with the positional co- 
ordinates of the corresponding detection points.. In step 
522, if the check result of step 518 indicates area type 
144^ the size of the region where the widely scattered, 
light intensity signal 124 of this area type 144 was 
detected is calculated, using the positional co-ordinates 
of the plurality of corresponding detection points^ and the 
si^e of this region is thexi stored in the storage device in 
association with the positional co"-oi"dinates of the 
corresponding detection points . 

In step 524, data indicating the positional co-- 
ordinates of the detection, points stored in the storage 
device/ the PLS'-'based size DNN or region size obtained 
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usixi.g the narrowly scattered light intex:isity signal 122, 
and the PLS-baseci size IMN or region size obtained using 
the widely scattered light intensity signal 124 are 
transferred to the second signal processing device 12 6B, 
The second signal processing device 12 6B uses this data to 
evaluate. In accordance vv^i th the de tect ion/evaluation log! 
already described and shovm in Figi.rre 4., at which p>osition 
on the semiconductor wafer 200 an LLS is present or not, 
and, if an LLS ia present # v^hether this LLS is a particle/ 
small defect or EKD* This evaluation result is stored in 
the storage device in association with the positional co- 
ordinates of the corresponding detection point and whether 
or not the sexniconductor wafer 200 is satisfactory is 
decided in accordance therewith. The results of these 
evaluations or decisions are output to the outside for 
display of the detection results or in order for further 
analysis to be performed^ and the wafer manipulator 129 
separates the semiconductor wafers 200 in accordance with 
the results of this decision regarding suitability. 

With the inspection device 100 and inspection method 
described above with reference to the drav^?ings, inspectiox^ 
can be performed even though no selective etching of the 
surface of the semiconductor wafer 200, such as was 
performed prior to inspection in the conventional 
inspection method^ has been carried out. This inspection 



device 100 and inspection xuethod are therefore suitable for 
application to mass-production* 

While eitibodiments of the present invention have been 
described above, these embodiments are merely given by way 
of exairsple for explanation of the present invention and the 
scope of the present invention is not intended to be 
restricted solely to these embodiments- The pxresent 
invention can be put into practice in various other modes^ 
without departing from its eaaence* 
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